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. - METHODS FOR INDUCING T CELL TOLERANCE 

TO A TISSUE OR ORGAN GRAFT 

» • 

Ra^ffgrannd of the Invention 
5 To induce antigen-specific T cell activation and clonal expansion, two signals 

provided by antigen-presenting cells (APCs) nmst be delivered to die surface of resting T 
lymphocytes (Jenkins, M. and Schwartz, R. (1987) J. Exp Med 165, 302-319; Mueller, DX*, 
dtiL (199Q) X Immunol 144, 3701-3709; Williams, UL and Unarmc, RR. (1990) J. 
Immunol 145, 85-93). The first signal, which confers specificity to the immune response, is 

10 mediated via the T cell receptor (TCR) following recognition of foreign antigenic peptide 
presented in the context of the major histocompatibility complex (MHC). The second signal, 
termed cosdmnlation, induces T cells to proliferate and become functional (S chwar t z, RJL 
(1 990) Science 248, 1349-1356). ^stimulation is neither anfigen^specific, near MHC 
restricted and is thought to be provided by one 

15 expressed by APCs (Jenkins, MJL, et aL (1 988) X Immunol 140, 3324-3330; Linsley, P.S., 
et aL (1991) J. Exp Med 173, 721-730; Giimm, CD n et aL, (1991) Proc Natl Acad ScL 
USA 88, 6575-6579; Young, J.W„ et aL (1992) JL Out Invest 90, 229-237; Kooiova, L, et 
aL (1991) 1 Exp. Med 173, 759-762; Reiser, R, et aL (1992) Proa NatL Acad ScL ISA. 89, 
271-275; van-Seventer, GA., et aL 0990) ^ Immunol 144, 457W586; LaSalle, JAL, et aL, 

20 (\99\)J.bmmmol 147, 774-80; Dustin,MX, etaL, (1989) JC Exp Med 169, 503; Armitage, 
RJ„etaL (1992) Nature 357, 80-82; IJu, Y., etaL (1992) JC £^Afed 175,437-445). One 
costimnlatory pathway involved in T cell activation involves die molecnlr GD28 on the 
surface of T cells. This molecule can receive a costimnlatory signal d elivei e d by a ligand on 
B cells or other APCs. Ligands for CD28 include members ofthe B7 femOyof B 

25 lymphocyte activation antigens, such as B7-1 and/or B7-2 (Fieedman, A-S. et aL (1 987) J. 
Immunol 137, 3260-3267; Freeman, GJ. et aL (1989) J. Immunol 143, 2714-2722; Freeman, 
GJ. et aL (1991) 1 Exp Med 174, 625-631; Freeman, GJ. et aL (1993) Science 262, 909- 
911; Aznma, M. et aL (1992) Nature 366, 76-79; Freeman, GJ. et aL (1993) J. Eiqk Med 
178, 2185-2192). B7-1 and B7-2 are also ligands for another molecule, CTLA4, present on 

30 the surface of activated T cells, although die role of CTLA4 in costimulation is unclear. 

Delivery to a T ceU of an antigen-specific signal with a costimnlatory signal leads to 
T cell activation, which can include both T cell proliferation and cytokine secretion. In 

contrast, dftivny to T cell of mi mtiggo-^pecipc signal m the ahsence of ACfw tiTmil^nT y 
signal is thought to induce a state of unresponsiveness or anergy in the T cell, thereby 
35 inducing antigen-specific tolerance in the T celL 

• Interactions between T cells and B cells play a central role in irmrnmff responses. 
Induction of humoral immunity to thymus-dependent antigens requires "help" provided by T 
helper (hereafter 111) cells. While some help provided to B lymphocytes is mediated by 
soluble molecules released by Th cells (for instance lynrphokmcs such as IL-4 and IL-5), 
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activation of B cells also requires a contact-dependent interaction between B cells and Th 
cells. Hirohata et aL, J. Immunol, 140*3736*3744 (1988); Bartlett et aL, J. Immunol, 
143:1745-1754(1989). This indict that B ceil activation involves an obligatory 
interaction between cell surface molecules on B cells and Th cells. The molecule(s) on the T 

5 cell therefore mediates contact-dependent helper effector functions of the T celL A contact- 
dependent interaction between molecules on B cells and T cells is further supported by the 
nhservarjon that isolated plasma membranes of activated T cells «tq prmqrfo Vrpf fimc tion g 
necessary for B cell activation. Brian, Proc Natl Acad ScL USA. 85:564-568 (1988); 
Hodgson et aL, J. Immunol^ 1452025-2034 (1 990); Noefle et aL, J. Immunol, 146:1 1 18- 

10 1124(1991). 

A molecule, CD40, has been identified on the surface of I m nmhi i tt and mature B 
lymphocytes which, when crosslinked by antibodies, in*frrccs B cell proliferation. VaQeet 
aL, Eur, J. Immunol, 19:1463-1467 (1989); Gordon et aL, /. Immunol^ 140:1425-1430 
(1988); Gruber et aL, I Immunol, 142: 4144-4152 (1989). GD40 has been moieculariy 

15 cloned and characterized Stamenkovic et aL, EMBOl, 8:1403-1410 (1989). A ligand for 
CD40, gp39 (also called CD40 ligand or CD40L) has also been moieculariy cloned and 
characterized Armrtage et aL, Nature, 357:80-82 (1992); Lederman et aL, J. Exp. Mea\ 
175:1091-1101 (1992);HbUenbatig}ietaL,i^0^11:4313-4319(19W Thegp39 
protein is exrjessed on activate^ Spriggs et aL, J, Exp. Med., 

20 176:1543-1 550 (1992); Lane et aL, Eur. X Immunol, 222573-2578 (1992); Roy et aL, J. 
Immunol, 151:1-14 (1993). Cells tTarrrffrtH with the gp39 gene and exrtfessing the gp39 
protein on their surface can trigger B cell prolifmtiQn and, together with ntfn»r ctTTrmfpfrrry 

signals, can induce antibody production. Annitage et aL, Nature, 357:80-82 (1992); 
HoUesbaxjghetaL,£&£BOy. 9 11:4313-4319(1992). 

25 

finmmnrv nf the Tnvention 

Cell-snrfiace molecules which mediate contact-dependent helper effector functions of 
Tcelfe are important for mdu^ For example, 

the interaction of gp39 on T cells with CD40 on B cells plays a central role in activating B 

30 ceQ responses to an antigen. The anrent invention is based, at lea^ 

that cell-surface molecules which mrrfiatt contact-dependent helper effector functions of T 
ceQs also play a critical role in the response of T cells to alloantigens. In particular, it has 
been discovered that, under appropriate conditions, interference with an interaction of gp39 
with a ligand on an allogeneic cell winch is presenting alloantigens to the T cell can V*™** 

35 tolerance in the T celL Preferably, the allogeneic cell which presents alloantigens to the T 
cell requires an interaction between a gp39 ligand on the cell and gp39 on the T cell to be 

■ 

. able to provide signals necessary tor activation of the T celL Inhabiting the interaction of the 
gp39 ligand on the allogeneic cell with gp39 on the T cell prevents T cell activation and 
rather induces aDoantigen-specific T cell tolerance. Induction of T cell tolerance to 
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atioantigens as decribed herein can be used as a preparative regimen for tissue or organ 
transplantation. 

Accordingly, the methods of the invention are particularly useful for inducing T cell 
tolerance to a donor tissue or organ in a recipient of the tissue or organ. The methods involve 

5 administering to a transplant recipient 1) an allogeneic or xenogeneic cell which e xp res se s at 
least one donor antigen and which has a ligand on a cell surface which interacts with a 
r ece ptor an the surface of a recipient T cell which mediates contact-dependent helper effector 
functions; and 2) an antagonist of the molecule on the surface of the recipient T cell which 
i Hf^tntiM» coimict-Kiependentlielper effector functions. The antagoni st inhibits an m t m nr imi 

10 between the molecule on the T cell and ifs iigand on the allogeneic or xenogeneic celL 
In a preferred embodiment, the receptor on the surface of a recipient T cell which 
mediates contact-dependent helper effector functions is gp39. this embodiment, the 
antagonist is a molecule which inhibits the interaction of gp39 on a T cell with a gp39 Iigand 
on an allogeneic or xenogeneic celL A particularly preferred gp39 antagonist is an anti-gp39 

15 antibody. In another embodiment, the gp39 antagonist is a soluble form of a gp39 Iigand, for 
example soluble CD40. The allogeneic or xenogeneic cell which is administered to the 
recipient is preferably a lymphoid cell, for example a B celL Alternatively, the allogeneic or 
xenogeneic cell is a small resting B celL The allogeneic or xenogeneic cell and the 
antagonist (e.g^ anti-gp39 antuiody) are typically adinim 

20 transplantation of the tissue or organ into the subject For example, lymphoid cells (e.g^ B 
cells) from the donor of the tissue or organ are administered to the recipient, together with the 
antagonist, prior to transplantation of the tissue or organ into the recipient. 

The methods of the am cut invention can be used, for example, to induce T cell 
tolerance to transplanted tissue or organs such as liver, kidney, heart, lung, skin, muscle, 

25 wmrmnl tiflfflig, stomach and intrtstmes. In one embodiment, the transplanted tissue 
comprises pancreatic islets. Accordingly, the invention provides a method for treating 
diabetes ^mp"g™g athnm\xta m^ to a subject in need of treatment; 1) allogeneic or 
xenogeneic c^n tt which donor antigens; 2) an antagonist of a receptor on the surface 
of recipient T cells which mediates contact-dependent helper effector functions, such as a 

30 gp39 antagonist an anti-gp39 antibody); and 3) donor pancreatic islets. 

Briff T>r )lgri P tlon of * h<> nrgwfat 7» 

Figure 7 is a graphic representation of the survival of transplanted pancreatic islet 
allografts in chemically diabetic mice pretrcated with anti-gp39 antibody alone orpretreated 
35 with unfiractionated or fractionated allogeneic spleen cells alone. 

Figures 2A and 2B are graphic l epte senlat i on s of the survival of transplanted 
pancreatic islet allografts, as measured by a decrease in plasma glucose concentration, in 
chemically diabetic mice pretested with a single dose of fractionated allogeneic spleen cells 
together with an ann'-gp39 antibody (MR1) treatment fbr either 2 weeks (panel A) or 7 weeks 
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(panel B). Each curve represents data from an individual mouse Open symbols identify 
recipients m which the islet allograft failed spontaneously. Closed symbols indicate mice 
whose islet grafts were functional at the termination of the exr^riment 

Figures 3A, B and C are flow cytometic profiles dgpir ring the staining of 6 hour 
5 activated human peripheral blood lyrnphocytes with either CEMOIg (panel A), mAb 4D9-8 
(panel B) or mAb 4D9-9 (panel Q. 

Figures 4 A ifara/Careflawc^meticprofflesd 
activated hmmwi peripheral blood lyrnphocytes cultured in the presence of cycloporin A 
stained with either m (panel AX mAb 4D9-9 (panel B) or CD4QIg (panel C), 

10 Figures 5A and B are flow cytometric profiles depicting the staining of 6 hour 

activated human peripheral blood lymphocytes with CD40Ig in the p eaence «f wnlfthgfcj 
mAb 4D9-8 (panel A) or unlabeled mAb 4D9-9 (panel B). 

Figure (5 is a graphic reT^sentation of the inhibition of riuman B cell proliferation 
induced by soluble gp39 and IL-4 when cells are cmhured in the presence of anti-tonan gp39 
15 mAbs4D9-8,4D9-9, 24-31, 24-43, 89-76 or 89-79. 

Figure 7 is a graphic representation of the inhibition of an aUo-specific mixed 
lymphocyte response when cells are cultured in the presence of anti-human gp39 mAbs 24-31 
or 89-79. 



20 Detailed Description of the Ii 

This mvention features methods for inducing T cell tolerance in vivo to a donarusso 
or organ tr ansplant in a tra nsplant recipient The methods involve nffaMrriff t^rng to the 
recipient 1) an allogeneic or xenogeneic cell winch expresses donor antigens and which has a 
Iigand on a ceU sirface which m 

25 , winch mediates contact-dependent helper efBxtcrfmKn^ and 2) an antagonist of the 

r e ceptor on the surface of the T cell which inhibib hn^ractioo of the ligand and the receptor. 
As used herein the term "recipient 

' N» tr^nnplantftH 1 is hgmg transplanted nr has hem transplanted A8 defined herein, an 

"allogeneic'' cell is obtained from a different individual of the same species as the recipient 

30 and expresses "aUoantigen3?, which cfife 

A t> xendgeneic ,, cell is obtained from a different species than the recipie nt and expresses 
*xenoantigens M , which differ from antigens exp i e as ed by cells of the recipient. As used 
herein, the term "donor antigens" refers to antigens expressed by the donor tissne or organ 
graft to be transplanted into the recipient The donor antigens may be alloantigens or 

35 xenoantigens, depending upon the source of the graft The allogeneic or xenogeneic cell 

' flf]|nini<i*HT gd to the recipient as part of the tolemation regimen g»jn g §w ea Amity anti gen^ j,^ 

expresses some or all of the same antigens present on the donor tissue or organ to be 
transplanted. The allogeneic or xenogeneic cell is preferably obtained from the donor of the 
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1C 



tissue or organ graft but can be obtained from one or more sources having common 
aeternimantswith the donor. 

In addition to the allogeneic or xenogeneic cell, an antagonist ofa molecule on T cells 
which mediates contact dependent helper effector functions is administered to the recipient as 
5 r^ofthetoierizationregnnen, As defined herein, a molecule or receptor which mediates 
contact dependent helper effector fi m c ricm s is one which is e xpresse d on a Th cell and 
interacts \rim a ligandcii an 

molecule with it's ligand is necessary for generation of an effector ceil response (e.g^ B cell 
activation). In addition to being involved in tlTft'tor cell responses, it has now been found 

10 thai such a molecule or recepta 

Preferably, the molecule on a T cell which mediates contact-dependent helper effector 
function is gp39. Accordingly, in preferred embodiments, the methods the invention 
involve administering to a transplant recipient an allogeneic or xenogeneic cell and a gp3 9 
anta g oni st Activation of recipient T cells by the allogeneic or xenogeneic cell involves an 

15 interaction between gp39 on recipient T cells and a gp39 ligand on the allogeneic or 
xenogeneic celL By inheriting this in^ 

recipient are not activated by the donor antigens expressed by the allogeneic or xenogeneic 
cell but rather become toknzed to the donor antigens. Induction of tolerance to donor 
anti gens in the recipient thus enables successful transplantation of the donor tissue or organ 
20 without irrmnmeHnediated rejection of the donor graft 

Various aspects of the mvention are described in further detail in the following 
subsections. 



25 



30 



35 



L gp39Afl 

Acrording to the methods of the invention, a gp39 a nta gonist is adinrnistered to a 
recipient to interfere with the interaction of gp39 on recipient T cells with a gp39 Kganri on 
analbgeriricOTxenogenefcceu^s Agp39 
mit»flfwijji t is defined as a molecule which i nierfcics with this interaction. Thegp39 
antagonist can be an antibody directed against gp39 (cg^ a monoclonal antibody against 
gp39X a fragment or derivative of an anrlbc^ directed again^ 
fragments, fJwmftriQ antibodies or hrnnmri7rd antibodiesX soluble forms ofa gp39 ligf - J 
(cg^ soluble CD40X soluble forms of a fusion protein of a gp39 ligand (e.g^ soluble 

CEMOIc). m rhnrm fW *^ ,lriwi1 ag*"* which diqnpt err infgrfem with th* gp^Q-TTUft 

* 

interaction. * 



A Tnitmmal, (e.g^ a mouse, hamster, or rabbit) can be immunised with an 
igenic form of gp39 protein or protein fragment (e.g^ peptide fragment) which elicits 
an antibody response in the mammal. A cell which expresses gp39 on its si 



ttiHtiitii* 



can also be 
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used as the inununogeiL Alternative irmmmogens include purified gp39 protein or protein 
fra gments. gp39 can be purified from a gp39-expresang cell by standard purification 
techniques. Additionally, £p39 cDNA (Armitagc et aL, Nature; 357:80-82 (1992); Ledennan 
etaL, J. Exp Med, 175:1091-1101 (1992);HonerJ^etaL,£MFO/., 11:4313-4319 
5 (1 992)) can be expressed in a host cell, c^, bacteria or a mammalian cell line, and gp39 
protein purified from cell cultures by standard techniques. Alternatively, gp39 peptides can 
bo synthesized based upon the amino acid sequence of gp39 (disclosed in Annitage et aL, 
Nature* 357:80-82 (1992); Ledennan et aL, J. Exp MetL, 175:1091-1101 (1992); 
HoUenbangh et aL, EMBO J., 11 :4313-43 19 (1992)) using known techniques (e-g. F-moc or 

10 T-boc chemical synthesis). Techniques for conferring ixmnunogenicity on a protein irtemde 
conjugation to carriers or other techniques well known in the art For example, the protein 
can be administered in the presence of adjuvant The progress of irnimuuzarion can be 
monitored by detection of antibody titers in plasma or serum. Standard EL1SA or other 
immunoassay can be used with the irnrnunogen as antigen to assess the levels of antibodies. 

15 Following immunization, antxsera can be obtained and, if desired, polyclonal 

antibodies isolated from the sera. To produce monoclonal antibodies, antibody producing 
cells Oyrnphocytes) can be harvested from an immnnized animal and fused with myeloma 
cells by standard somatic cell fusion procedures thus immortalizing these cells and yielding 
hybridorna ceils. Such techniques are well known in the art For example, the hybridorna 

20 technique originally developed by Kohkr and MDstem {Nature ( 1 975) 256:495-497) as well 
as other techniques such as the human B-cell hybridorna technique (Kozbar et aL, Immunol 
Today (1983) 4:72), the EBV^ryhridoma technique to produce human monoclonal antibodies 
(Cole et aL Monoclonal Antibodies in Cancer Therapy (1985) (Allen R. Bliss, Tnc., pages 77* 
96), and screening of amibinatorial antibody libraries (Huse et aL, Science (1989) 246:1275). 

25, Hybridorna cells can be screened imnnmochernicaQy for production of antibodies spedficaDy 
reactive with the protein or peptide and monoclonal antibodies isolated. 

The term antibody as used herein is imended to memde fragments thereof which are 
spedficaDy reactive with a gp39 protem ot peptide thereof or gp3 9 
Antibodies can be fragmented using conventional techniques and the fragments screened for 

30 utffity m the same rnarm antibodies. For example, F(ab")2 

fragments can be generated by tie^ The resulting F(ab^ fragment 

can be treated to reduce disulfide bridges to produce F The antibody of the 

present invention is further intended to mrJnde bispeciflc and chimeric molecules having an 
anti-gp39 portion. 

* 

35 When antibodies produced in non-human subjects are used trierapeutically in humans, , 

they are recognized to varying degrees as foreign and an rmrnune response may be generated 
in the pat* *"*- One approach for minimizing or eliminating this problem, which is preferable 
to general irnmunosuppression, is to produce chimeric antibody derivatives, i.e*, antibody 
molecules that combine a non-human animal variable region and a human constant region. 
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Chimenc antibody molecules can include, for example, the antigen binding domain from an 
antibody of a mouse, rat, or other species, with hnman constant regions. A variety of 
approaches for inaking chimeric antibodies have been described and can be used to make 

rnnn*™ ftirtihfMfieg cntrtafmng the immmragiobllHn vnriflhln TPgirm xuhirh Tfp^iwt gplO 

5 See, fererample, Morrison etdL,Proc Nad. Acad ScL I/XL 81:6851 (1985);TakedaetaL, 
Nature 314:452 (1985), Cabffly et aL, U.S. Patent No. 4,816,567; Boss et aL, U.S. Patent No. 
4,816,397; Tanaguchi et aL, European Patent PobEcadon EP171496; European Patent 
Publication 01 73494, United Kingdom Patent GB 2177096B. It is expected that such 
chuneric antibodies would be less TTmrnmogcnic in a ^wm«i subject than the corresponding 

10 non-chimmcantiwxry. 

Far human therapeutic purposes the monoclonal or chimeric antibodies specifically 
reactive with a gp39 protein or peptide can be further humanized by producing human 
variable region chimeras, in which parts of the variable regions, especially the conserved 
framework regions of the antigen-binding domain, are of human origin and only the 

15 hypervariable regions are of non-human origin. Such altered inmnmoglobulin molecules may 
be made by any of several technia^faiown in the art, (e^, Teng et aL, Proa Natl Acad. 
Set USA, 80:7308-7312 (1983); Kozhor et aL, Immunology Today, 4:7279 (1983); Olsson 
et aL, Meih Emymol, 923*16 (1982)), and arc preferably made according to the teachings of 
PCT Publication WO92/06193 or EP 0239400. Hmiiimized arm^odca ca^ 

20 produced by, for example, Scotgen Limited, 2 Holly Road, Twickenham, Middlesex, Great 
Britain. 

Another method of generating specific antibodies, or antibody fragments, reactive 
against a gp39 protein or peptide is to screen expression libraries encoding imrmmoglobrolin 
genes, or portions thereof^ expressed mbacteri For example, 

25 complete Fab fragments, VH regions and FV regions can be expressed in bacteria using 

phage expression libraries. See tor example Ward et aL, Nature, 341: 544-546: (1989); Huse 
et aL, Science, 246: 1275-1281 Q989); and McCaffcrty et aL, Nature, 348: 552-554 0990). 
Screening snch libraries with, for example, a gp39 peptide can identify imrmmoglohin 
fragrmmte reactive with gp39. Alternatively, the SCID-hu moose (gygflahlg frran fi gnpharm) 

30 can be used to produce antibodies, or fiHginento thereof. 

Methodologies for producing monoclonal antibodies directed against gp39, including 
j ^ nan gp39 and mouse gp39, a and suitable monoclonal antibodies for use in the methods of 
Ac invention, are described in further detaftmExamrde 2. 

Anti-human gp39 monoclonal axrnl>odie3 of the invention are preferred for use in 
35 induing antigen-specific T cell tolerance. Preferred antibodies include monoclonal 
antibodies 3E4, 2H5, 2H8, 4D9-8, 4D9-9, 24-31, 24-43, 89-76 and 89-79, described in 
' ExarnpleZ Particularly preferred antibodies are monoclonal antibodies 89-76 and 24-3 1 . 
The 89-76 and 24-31 hybridomas, rroducing the 89-76 and 24-31 antibodies, respectively, 
were deposited under the provisions of the Budapest Treaty with the American Type Culture 
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Collaticm, Parklawn Drive, Rockvflle, MtL, on September 2, 1994. The 89-76 hybridoma 
was assigned ATCC Accession Number HB1 1713 and tbe 24-31 hybridoma was assigned 
ATCC Accession Number HB1 1712. The 24-3 1 and 89-76 antibodies are of the IgGl 
isotype. 

5 In another embodiment; the anti-human gp39 mAb for use in the methods of the 

invention binds an epitope recognized by a rrMWfHonal antibody selected from a group 
consisting of3E4, 2H5, 2H8, 4D9-8, 4D9-9, 24-31, 24-43, 89-76 and 89-79. More 
preferably, the anti-human gp39 mAb binds an epitope recognized by monoclonal antibody 
24-31 or monoclonal antibody 89-76. The ability of an mAb to bind an epitope recognized 
10 by any of the afoitmentioncd antibodies can be determined by standard cross-competition 
assays. For example, an antibody that binds the same epitope recognized by 
compete for the binding of labeled 24-31 to activated Tcdls,where^ 
a different epitope than that re will not compete for the binding of 

labeled 24-3 1 to activated T cells. 

15 

B. Stable Ligands for ^39 

Other gp39 antagonists which can be admmistcred to induce T cell tolerance include 
soluble ibnns of a gp39 ligand. A monovalent soluble ligand of gp39, such as soluble CD4G, 
can bind to gp39, mereby mhibnmgtiie interned gp39 with CD40 on B cells. The term 
20 "sommV indicates mat me ligand is not p ermmirnrfy associated with a cell mHwVn f, a 
aofahle ffp39 liffand can be pr e pared by chemical synthesis nr, pr^frmhly Hy n^-^^fripflnf 

DNA frchniqnps, for example by expressing only the crtratynnlar domain (absent the 

t Mnqmemhn mc and rytnplflginm Awnnm*) nf Kpm/l A prcfclic d SOhlble gp39 ligand is 

soluble CD40. Alternatively, a soluble gp39 ligand can be in the form of a fusion protein. 

25 Sudi a fusion rjrotem comprises at least a p gp39 ligand attacbed to a second 

molecule. For example, GD40 can be expressed as a fusion protein with irnmunoglobulin 
(Le^ a CD40Ig fusion protein). In one embodiment, a fusion protein is produced comprising 
amino acid residues of an extracellular domain portion of GD40 joined to amino acid residues 
of a sequence corresponding to the hinge, CH2 and GH3 regions of an immunoglobulin 

30 heavy cnain,e.g. C^l, torbrmaO>IOIg&siOT 

Med. 1783:721-730; Capon et aL (1989) Nature 337, 525-531; and Capon US. 5,1 16,964). 
Hie fusion protein can be produced by chemical synthesis, or, preferably by iecombinant 
DNA techniques based on the cDNA ofCD40 (Stamaikovic et aL, EMBO J., 8:1403-1410 
(1989)). 

35 

IT Hells for Induction of Antigen-Specific Tolerance 

The current invention is based, at least in part, on the discovery that presentation of 
• ftllnantige na to T cells by allogeneic cells in the presence of a gp3Q flntngrmfgt mute in T ff H 

tolerance to the aOoantigens. Cells which are capable of mrfnrfrig tolerance by this 
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mechanism include those winch present antigen and activate T cells by interaction with gp39 
(Le. an interaction between gp39 on T cells and a gp39 ligand on the cell presenting antigen 
is necessary to deliver the appropriate signals for T cell activation to the T cell). Inhibirionof 
the interaction of the ligand an the allogeneic or xenogeneic cell with gp39 an recipient T 
5 cells prevents T ccD activation by alio- or xenoantisera and, rather, induces T ceH tolerance 
to fte antigens, inter&rence with activation of the T cell via gp39 may prevent the indnction 
ofcostimolatory molecules on the allogeneic or xenogeneic cell, (eg! B7 family molecules 
on a B ceHX so mat the cell delivers only an antigenic signal to the T cell in the absence of a . 
costimulatory signal, thus imtncrng tolerance. 

10 Accordingly, in the methods of the invention, an allogeneic or xenogeneic cell is 

nAwfiwitgr ed tn a recipient subject The allogeneic or xenogeneic cell is capable of 
presenting antigen to T cells of the recipient, and is, for example, a B lymphocyte, a 
"professional" antigen presenting cell (eg., a monocyte, dendritic cell, T^mp^n cell) or 
other ceil which presents antigen to immune ceils (cg^ a keratinocyte, gnrinthpjjal cell, 

15 astrocyte, fibroblast, oligodendrocyte). Furthermore, h is preferable that the allogeneic or 
xenogeneic cell has a reduced capacity to stimulate a costimulatory signal in recipient T cells. 
For example, the alio gecek or xenogeneic cell may lack expression of or express only low 

IfVrN nfrvwtfmnlatmy mnfarnlftft finch as the R7 family nf ptntPtfia g P7-| and B7-2). 

Expression of cosrrrrmlatnry molecules on potential allogeneic or xenogeneic cells to be used 
20 in the method of the irrventum can be assessed by standard techniques, for example by flow 

cytometry using antibodies directed against ^stimulatory molecules. 

Preferred allogeneic or xenogeneic cells for inducing T cell tolerance are rymphoid 

cells, for example peripheral blood rynrphocytes or sjienic cells. Preferred lymphoid cells 

for inducing T ceil tolerance are B cells. B cells can be purified from a mixed population of 
25 cells (eg., other cell types in peripheral blood or spleen) by standard cell separation 

t»rW<pTi»g For exanrr^e, adherent celb can 

dishes and recovering the iion-edher^ T cells can bo removed from a mixed 

population of celb by treatment with an anti-T cell antibody (eg., anti-TriyLl and/or ami- 
Thyl J) and complement m one enibodiment, resting ry^^ 

30 cells, are used as the antigen twesenting cells. Resting lymphoid cells, such as resting B cells, 
can be isolated by techniques known in the art, for example based upon their small size and 
density. Resting lymphoid cells can be isolated for example by counterflow cmtrffogai 
elutriation as described in Example 1. Using counterflow centrifbgal elutriation, a small, 
resting rymphoid cell population depleted of cells which can activate T cell responses can be 

35 obtained by collecting a £nction(s) at 14-19 mVnriiL, preferably 19 ml/min. (at 3,200 rpm). 
Alternatively, small, resting rynrphocytes (eg^ B cells) can be isolated by discontinuous 
density gradient cexrtrifugation, for example using aFicoU or Percoll gradient, and a layer 
corrtaining small, restmg lymphocytes can be obtained after centrifugation. Small resting B 
cells can also be distinguished from activated B cells by assaying for expression of 
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cnstrmnlfltory molecules, such as B7-1 and/or B7-2, on the surface of activated B cells by 
standard techniques (c»g. iinnninoftooiescencc)» 

The aflogenric or xenogeneic celb administered to the recipient function, at least in 
part, to present donor antigens to recqrientTceflx Tins, the cells express antigens which are 
5 also expressed by the donor tissue or organ. Typically, this can be acco^ 

allogeneic or xenogeneic cells obtained from the doner of the tissue or organ graft. For 
example, peripheral lymphoid cells, B cells or spleen ceils from the tissue or organ donor can 
be iso l ate d and used in the methods of the invention. Alternatively, allogeneic or xenogeneic 
cells can be obtained from a source other than the donor of the tissue or organ as long as the 
10 cells have antigenic determinants in common with me tissue or nrgar^ rfnnftr For example, 
allogeneic or xenogeneic cells winch express (most or all) of the same major 
histocompatibility complex antigens as the donor tissue or organ can be used Thus, 
allogeneic or xenogeneic cells may be used from a socrcc which is MHC haplmype nmtrfiBrl 
with the donor of the tissue or organ (e.&, a close relative of the graft donor). 

15 

m. Admmttrtratfrm of Cells and gp39 Antagonist* 

T cell tolerance to an organ or tissue graft can be induced according to the invention 
by administration to the transplant recipient of a gp39 antagonist in conjunction with an 
allogeneic or xenogeneic cell which expresses donor antigens and inte r a cts with recipient T 
20 cells via gp39. In a preferred embodiment, the allogenek or xenogeneic cefl and the gp39 
antagonist are administered to the recipient *»""^* |w * M Ty|y or ■ n^ rw a^ f fr w yH y. 
Alternatively, the gp39 antagonist can be administered prior to administering die allogeneic 
or xenogeneic cells, for example when the mit^nufc t m antibody with a long half life. In 
a pieien ed embodiment, the antagonist and the allogeneic or xenogeneic cells are 

25 ftrhmmngiffffiftH tn the reeipignt prior fn rrmujplgrrtntinfl nf thft nrgflQ fly tjg y iTf trifn tha mhr fe nt 

(Le^theredpicntispretreatedwto For example, administration of 

the allogeneic or xenogeneic cells and antagonist can be performed several days (c-g^ five to 
eight days) prior to tissue or organ transplantation. 

A rftnmi?tfr fltion of a single dose of allogeneic ceDs (m crmhmnfiun with thft 
30 antagonist) has been found to be sufficient for induction tf 

or organ (see Example 1). The number of ceDs ad min is te re d may var^ 

type of cell used, the type of tis sue or organ graft, the weight of the recipient, the general " 

conditio* of the retipiert An appropriate 

number of cells for use in the method of the invention can be determined by one of ordinary 
35 skiD in the art by conventional methods (&r exainpb as d Cells are 

administered in a farm and by a route which is suitable fat indnctionofT cell tolerance in the 
" recipient. Cells can be administered in a physiologically acceptable solution, such as a 
' buffered saline solution or similar vehicle. Oils are prc&rably administered intravenoxisl 
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An antagonist of the invention is administered to a subject in a biologically 
compatible fcnn suitabte 

By "biologically compatible form suitable for administration in mo" is meant a fonn of the 
antagonist to be administered in which any toxkcfEectsareoutwrighed by tbetbcrapeutk 
5 effects of the compound. Tbetennsulject is intended to ischu^ organisms in which 
an im™™ response can be elicit ed , cg^ mammals, Examples of subjects include humans, 
dogs, cats, mice, rats, and transgenic species thereof A gp39 antagonist of can be 
administered in any pharmacological form, optionally with a phaiinaceutically acceptable 

earner. ArfrntTngtrntirm nf a thpmpmtfeaffy active ammmt nf the mtegnrngf \a di-fit^ my pyi 

10 gTn™*nf effective, at dosages and far periods of time necessay to achieve the desired result 
(eg., T cell tolerance). For example, a therapeutically active am o unt of an antagonist of gp39 
may vary according to factors such as the disease state, age, sex, and weight of the mdividaal, 
and the ability of the antagonist to elicit a deshed response in the inolvidnaL Dosage 
regimens may be adjusted to provide the optimum therapeutic response. For example, 

15 several divided doses may be administered daily or the dose may proportionally rednced 
as indicat*** fry «ngencies of the therapeutic sfrtmtinn As described in Example 1 far 
treatment with an anri-gp39 antibody, an effective treatment regimen can include initiation of 
antibody administration prior to tissue or organ transplantation (e^, five to eight days before 
transplantation), fallowed by readmrnistration of the antibody (e.g., every other day) far 

20 several weeks (e.g. two to seven weeks) after transplantation. 

The active compound (eg., an antagonist snch as an antibody) may be adrntrristered in 
a convenient tnsm^gr such as by injection (snbcDtaneous, intravenous, etc), oral 

wfjTn i ii i^ m i i nTij jftfmlgtinnj tmrariermfll application, or rectal arimfarisl ration. Depending on 

tfrg femtg of administration, the active compound may be coated in a material to protect the 
25. compound from the action of enzymes, acids and other natural conditions which may 
nrctfvaie the compound. A preferred rente of adrninistration is by iuiiaveiums hjection, 

To administer an antagonist of gp39 by otba than parenteral administration, it may be 
accessary to coat the antagonist with, or co-administer the antagonist with, a material to 
pr e vent its inactivation> For example, an antagonist can be administeied to an indSvidnal in 
30 an appropriate carrier or difo"^ co-adininistered with enzyme fnhibilura or in an appropriate 
carrier such as liposomes. PhannaceuticaBy acceptabte 
buffer solutions* Enzyme inhibitors include pancreatic trypsin inhibitor, * 
diiscpropylflnorophospriate (DEP) and trasyioL liposomes include water-rn-oil-in-water 
fmyigona as well as conventional liposomes (Strejan etaL, (1984)7. Neuroimmunol 7:27). 

* 

35 The active compound may also be adrninistered parenteraDy or mtraperitoneally. 

Dispersions can also be prepared in glycerol, liquid polyethylene glycols, and mixtuics 
thereof and in oils. Under ordinary conditions of storage and use, these reparations may 
contain a preservative to prevent the growth of microorg anism s. 
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Phannaceutical compositions statable for injectable use include sterile aqueous 
solutions (where water soluble) or dispersions and sterile powders for the extemporaneous 
preparation of sterile injectable solutions or dispersion. In all cases, the composition must be 
sterile and must be fluid to the extent that easy syringability exists. It most be stable under 
5 the conditions of manufacture and storage and must be preserved aginm* the mntaTmn5itTng 
action of microorganism aich as bacteria and fungi. The carrier can be a solvent or 
dispersion medium containing, for e xam p le , water, ethanol, polyol (for example, glycerol, 
propylene glycol, and liquid polyetheyiene glycol, and the like), and suitable mixtures 
thereof. The proper fluidity can be maintained, for example, by the use of a coating such as 
lecithin, by the nwhrtertancc of the required particle size in the case of dispersion and by the 
use of surfactants. Prevention of the action of microor ganisms rem bp achieved by various 
antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, asorbic 
acid, thimcrosal, and the like. In many cases, it will be preferable to include isotonic agents, 
. for example, sugars, polyalcohols such as manitoi, sorbitol, sodium chloride in the 
composition. Prolonged absorption of the injectable compositions can be brought about by 
including in the composition an agent winch delays absorption, for example, aluminum 
monostearate and gelatin, 

Sterile injectable solutions can be pi e pai c d by in cor p ora ting active compound (eg* 
an antagonist of gp39) in the required amount in an appiupii ate solvent with one or a 
combination of ingredients enumerated above, as required, followed by filtered sterilization. 
Generally, dispersions are prepared by mcorporating the active compound into a sterile 
vehicle which contains a basic dispersion medhim and the required other ingredients from 
those enumerated above. In the case of sterOe powders for the prep^ 
injectable solutions, the preferred methods of preparation are vacuum drying and freeze* 

frying urtwrh yields a powder of the active ingredient (e.g., mrtngmrtgr) phw any ^jti^rffll 

desired ingredient from a previously sterile-filtered solution thereof! 

When the active compound is suitably pro tect ed, as described above, the protein may 
be orally admimstereo\ fi^ example, with an inert dflnent or an assimilable edible carrier. As 

used herein "phaxrnaceutically acceptable carrier" tnclndea any and all solvents, dispersion 
media, coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents, 
and the like. Ine use of such media and agents for phannacenti 

known in the art Except insofar as any coriventional media or agent is incompatible with the 
active cornpound, use thereof in the therapeutic compositions is contemplated. 
Supplementary active compounds can also be inco r po rat ed into the c c uupoaiti ons. 

It is especially advantageous to fomrulate.parenteral cornpositions in dosage tmtt form 
for ease of administration and uniformity of dosage. Dosage unit form as used herein ref er s 
to physically discrete units suited as unitary dosages for the rnammalian subj ects to be 
treated; each unit coritaining a rjredetermined quantity of active compound calculated to 
produce die desired therapeutic effect in association with the required phannaceutical carrier.. 
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The specification for the dosage unit forms of the invention are dictated by and directly 
dependent on (a) the unique characteristics of the active compound and the particular 

tfaqupgiiric effect to he achieved, and (h) the IrniHatjfflrt inherent in ttw art trf r^nrp^mffaig 

such an active compound for the treatment of sensitivity in individuals. 

Subsexruenttoorconaniemw^ 
tissue or organ is transplanted into a tnmsptant recipient by conventional techniques. 



TV TT^rfthe Methods of tiwli 

Hie methods of the invention are applicable to a wide variety of tissue and organ 
10 transplant situations. The rnethods can be used to induce T ceD tolerance in a recipient of a 
graft of a tissue or organ such as pancreatic islets, liver, kidney, heart, fang, skin, muscle, 
neuronal tissue, stomach and intestines. Thus, the methods of the invention can be applied in 
treatments of diseases or conditions winch entail tissue or organ transplantation (cg^ liver 
transplantation to treat hypercholesterolemia, transplantation of muscle cells to treat muscular 
IS dystrophy, transplantation of neuronal tissue to treat Huntington's disease or Parkinson's 

disease etc). In a. preferred embodiment, the tnmspl smtp^ tisme enmpriggs pancreft tie iql^ta 

Accordingly, the invention encompasses a method ihrtrea 
cell transplantation. The method comprises administering to a subject in need of 1 
1) allogeneic or xenogeneic cells which express donor antigens, 2) an antagonist of a 

20 molecule expiessed on recipient T cells winch mediatrs contact-Hiependent helper 

function, such as a gp39 antagonist (e.g^ anti-gp39 antibody) and 3) demox pancreatic islet 
cells. Preferably, the allogeneic or xenogeneic cells and the antagonist are administered to 
fee recipient prior to administra tion of the p a ncreatic islets. 



25 , Thenxvention is further illustrated bytfaeMowmgexan^le whichshjouMnotbe 

construed as limiting. The contents of aH references, patent 
app l ic ation s cited throughout this application are hereby inco rporate d by reference. 



30 F*AMPT,R U 



Induction of Tolerance to Pancreatic Islet Allografts by 
Treatment of the Recipient with Allogeneic Cells and AntJ-39 



H III H I ' l K't ! 1 , , t ] ■ -s'i.' 1 f I 



Contemporary aUotransplantation studies depend on generalized h 
that iion-specifically ablates nrmume e ffe ctor runctions. However, rmrntmn ^ ppr rrci y p 
35 phannaccuticals can cause significant side effects, In addition, allotransplantation of islet of 
Xangerhans fox the treatment of diabetes has proven refractory to this approach (see eg. 
Robertson, RJP. (1992) N. EngL J. Med 327, 1861). Therapies with antibodies directed 
against T cells may allow successful allografting of islets in rodents, but this approach too 
uniformly results in generalized inununosuppression (Carpenter, C.B. (1990) N. EngL J. 
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Med 322, 1224; Roaik, JJ1 ctaL (1992) Transplantation 54, 1098; Kahan, BD. (1992) 
Curr. Opin Immunol 4, 553). In this example, tolerance to islet allografts was i ndu ce d in a 
trnnopltrnt recipient by manipulating the pre se n t ati on of alloantigen to T cells so as to prevent 
their activation. The survival of islet allografts in chemically diabetic C57BL/6 (H-2fymice 
5 was —p""""** using the following methodology: 

frAttfimi of Diabetes 

Male C57B1/6J (H-2 b ) mice were rendered diabetic by the mtravenotis 
administration of streptozotocin (140 mg/kg). Permanent diabetes was confirmed by the 
10 demonstration of a plasma ghicose concezrtradon > 400 mgAfl an three occasionns over a 
period of one week* 

AiMpgneic Sptam Cell Fractionation 

Donor allogeneic cells for pretreatment of graft recipients were obtained from (C57 x 

15 BALB/c)(H-2^Fi hybrid animals to prevent graft-versus-host disease. To isolate small 
lymphocytic cells, spleen cell suspensions from 8 week old (C57 x BALB/c) Fj female mice 
were deleted of erythrocytes and then size fractionated by erutriarion as described in Tony, 
KLP. ct al (1985) Exp, Med 161, 223; and Gosselin BJ. et aL (1988) J. Immunol 140, 
1408. Briefly, small lymphocytes are isolated by coanterflow centrifugal ehrtriation, for 

20 exmrpteiisnigaimHld J^een^ 

Approximately 1-5 x 10& cells in 8 ml culture medium or balanced sah solution with 1.5% 
fetal bovine serum are treated with deaxyribormclease, loaded into the ehariation chamber 
with a starting counteKwnent flew rate 

of 3^200 rpm. A small-cell fraction with very few c oiUHininating large cells is ehrted 
25 typically at 14-19 ml/nn^alr^^ 

the cells are suspended. La 1he eaqperiments described herein, the sman c*ll fraction was 
collected at 1 9 mlAnin. (at 3 ,200 rpm). This fraction was completely depleted of radiation 
resistant (3000 rads) accessory ceOfra 

rabbit IgO and H2 d (CDC35) at alloreactrve to H2 b (D10.G4). Small cells and 
30 uju^actionated cells were washed twra 

allograft recipients. Approximately 40-100 x 10* («7xBAI3/c)Fi(H-2^uiiftactioiiated 
spleen cells or 40-100 x 10 6 (C57 xBALB/c)F](B-2M*) elinriated smaU spleen cells were 

j 

35 f rr tie n li nen t nf P™ ft ttccniierrta 

Graft recipients were pretreated with either imfractionated (C57 x BALB/c)F i (H- 
2h/d) allogeneic spleen cells, elutriated "fraction 1 9" small diameter spleen cells that had 
been depleted of APC activity (isolated as described above), an anti-gp39 monoclonal 
antibody (MR1, see Example 2, Experiment 3), or a combination tfaUoger^ 
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gp39 antibody. Hie fraction 19 cells were tested at two different dose ranges, a low dosage 
of4(M4x 10^ cells or ahigh dose of77-88x 10^ cells. Control aimiiab received nei^ 
allogeneic cells nor antibody treatment Allogeneic ceils were administered to graft 
recipients by tail vein injection five to eight days prior to islet allograft transplantation. MR1 

5 wrtihndy treatment was at adnse of 250 ugAmmse twice uueelrty hgrhmmg 7 Hnyg hffhp> fafrf 

transplantation and contmuing for 2-7 weeks or until graft Mure. The first injection of 
antibody was typically given on the same day as the first injection of allogeneic spleen cells. 

W^Allo^Tninplimtetion 

10 Allogeneic BALB/c (H-2^) islets were isolated by a modified collagenase digestion 

method (Gottlieb, Pj\.etal (1990) Dta&erer 39, 643). Islets at a dose of 30 isleta/g body 
weight were implanted into the subrenal capsule of the recipient C57B1/6J mice 
immediately after isolation. Graft survival was defined as the maintenance of a plasma 
ghicose concentration <200 mg/dl. 

15 

Results 

In a first scries of experiments, islet allograft recipients were pretreated with either 
allogeneic spleen cells alone or anti-gp39 antibody alone. As shown in Figure 1, in the 
absence of spleen cell pretreatment, all islet allografts were rejected within 13 days of 
20 traiispiantation (9±2 d; range 5-13 d; N-23). Poor islet survival was also observed in animals 
treated only with unfiactionated spleen cells containing normal APC activity (6±3 d; range 4- 
12 d; N=*7) or low doses (40-44 x 10^ cells) of Fraction 19 APC depleted spleen cells (7±3 d; 
mnge 3-14 d , N^IQ. In contrast, injection of a mgher dose of Fraction 19 APC-depleted 
small splenocytes (75-8 8 x 1 0 6 cells) prolonged allograft survival (19±10d; range 7-40 d; 

25 N-16). Tm> ^fl*** ™» rtnratlnm ftf graft mnmwl ma «tnti«Hftflf1y wgnificiw* * 

p<0,001 when conmaredwimgromn treated w 

lower dose of fraction 19 spleen cells) but was not permanent The extended but finite 
survival of allogeneic islets in diabetic recipients of APC depleted, fraction 19 small cells 

flngpKft-d Ant ftwcft nrfla nlftnft emmt HMtam allograft aimmml- An additional Cohort of 

30 graft recipients was treated with 77-88 x 10<> fracticm 20 cells. litis fraction was also 

composed overwhelmingly of small lymphocytes but differs from the fraction 19 population 
in that it contains measurable APC function. Recipients ofthesecelb(hH^an rejected their 
grafts promptly (mean=8.5 d, range 6*12). Another group of graft retipit sits was treated 
solely with an anti-gp39 monoclonal antibody, MR1 . Figure 1 illustrates that islet allografts 
35 failed within 15 days in 7/11 mice treated only with the anti-gp39 mAb. The remaining fbnr 
mice had functional grafts at the conclusion of the exp e rim ent on day 48. The results 
demonstrate mat administration to the recipient of the MR1 anti-gp39 antibody alone can 
prolong islet allograft survival (mean 20-19 d; range 9 indefinite: N»5). The degree of 
prolongation was statistically similar to that achieved using a higher dose of Fraction 19 
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spleen cells alone and significantly longer than that achieved in the other three groups (rx 
0.05). 

Hie series of experiments described above indicated that high doses of Fraction 19 
APC depleted spleen ceQs or anti-gp3 9 mAb treatment alone can enhance pancreatic islet 
allograft survival compared to no treatment However, neither treatment alone was effective 
fa ft ttWmg Irmg-term tolerance to the islet allografts in the lccioients. In the next series of 
experiments, allogeneic spleen cell treatment was combined with anti-gp39 treatment of the 
recipient The combined administration of ate 

be moreeffective than either reagent alone. Results are shown in Figure 2, wherein each 
enrve icpiesenlH data from an individnai mouse. Open symbols id e ntif y recipients in which 
the islet allograft Med spontaneously. Closed symbols indicate mice whose islet grafts were 
functional at the termination of the experiment Figure 2 (panel B), shows that i ndefinit e 
graft survival was achieved in all ^nmnk treated for 7 weeks with anti-gp39 mAb and a 
single injection of Fraction 19 APC depleted spleen cells (N=6). Alteration of this protocol 
by reducing the duration of anti-gp39 treat men t weakened, but did not abrogate, the favorable 
effect on graft survival. Indefinite graft survival was achieved in 678 retiia^^ 
gp3 9 mAb was administered for only 2 weeks in combination wife Fraction 1 9 spleen ceQs 
(Figure 2, panel A). Indefinite graft survival was also observed in recipients treated with 
anti-gp39 for 2 or 7 weeks in combination with one injection ofunfractionated allogeneic 
spleen cells. 

To confirm islet graft function and the absence of insulin secretion by residual native 
islets not destroyed by the streptozotocin treatment, the kidneys bea rin g subrenal implants 
were removed. In all cases, unilateral ncpl u e clumy resulted in r ec u rrence of hypeiglycemia 
(>300mg/d0withm3days. 

Islet allografts and die native pancreas were stonfiedhistdogicaUy maflaninials, 
5^» x« hffl thf t gir^ fea# ^ nratihcepdofuiBgqjeriment. Histological sections of islet 
allografts in u^Mdncyscrf recipient 
continuous (7 weeks) MR1 mAb t^^ 

renal capsule which were devoid of mononuclear infiltration and contained well granulated 

insulin and glucagon positive cells. Inc<nitrast,histobgica^ 

kidneys of recipients treated with anti-gp39 mAb alone showed characteristic intense 

uclear cell inflammation and attendant islet ceQ destruction. In all host pancreata, islet 
ilogy was uniformly consistent with streptozotocin diabetes. 



nil mill* 



35 K X ftMPT 2: Production and Characterization of Anti-gp39 Antibodies 



For induction of antigen-specific T cell tolerance in a human subject, it is preferable 
to administer an antibody direct The following methodology was 
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used to produce mouse anti-human gp39 monoclonal antibodies. Balh/c mice were 
immunized with a soluble gp39 fusion protein, gp39-CD8, in Complete Freund's Adjuvant 
' (CPA). Mice were subsequently challenged 6 weeks later with soluble gp39-CD8 in 
Incomplete Fremuf s Adjuvant (EF A). Soluble gp39-CD8 was given in soluble form 4 weeks 

5 after secondary mmm ^T^m Mice were then boosted with activated human peripheral 
blood rymphocytes 2 weeks later, foHc^ved by a final bcK>st with soluble gp39-CD8 after an 
additional 2 weeks. Spienocytes were fused with the NS-1 fusion partneronday 4 after final 
immunization as per standard protocols. 

Clones producing anti-human gp39 antibodies were selected based on a multiple 

10 screening process. Clones were initially screened by a plate binding assay using gp39-CD8. 
Positive clones were then screened against a control CD8 fusion protein, CD72-CD8. Clones 
which scored positive on the CD8-CD72 plate binding assay were ff Intimated The remaining 
clones were subsequently scre ened on resting and 6 hour activated human peripheral blood 
rymphocytes (PBL) by flow cytometric analysis. Hybridomas staining activated, but not 

15 resting, PBL were considered positive. Finally, the remaining clones were tested for their 
ability to block tie binding of OMOIg to plate bound gp39. 

Approximately 300 clones were mitiafly screened agaiiistgp3 
in the plate binding assays. Of those clones, 30 were found to detect plate-bound gp39 and 
notCD8. These clones were subsequently screened for detection of gp39 on activated human 

20 PBL. A pproxim ately 15 clones detected a molecule on activated PBL, but not resting cells. 
Specificity was fialheT confirmed clones to block CD40Ig 

detection of plate-bound gp39. 3 of 10 clones tested block GD40Ig binding in this assay. 
These clones were 3E4, 2H5 and 2H8. Such domes are preferred for use in the methods 
described herein. Clones which tested positive on activated^ but nm resting were also 

25 screened for reactivity with an activated rat T cell clone, POMC8. The clone 2H8 expressed 
crossreactivity with this rat T cell line, 

A ctmtlflT f Mwnnl jui i rm pmcgdme to that described m E xp eriment 1 wag used to 

30 produce additional antibodies directed against human gp39. One Balh/c mouse was 

immunized with soluble gp39-CD8 in CFA, followed by challenge with 6 hour activated 
human peripheral blood lymphocytes 4 weeks later. The mouse was subsequently boosted ' 
with soluble gp39-CD8 4 days prior to fusion of spienocytes with the NS-1 fusion partner per 
standard protocols. Screening of hybridoma clones was performed by flow cytometric 

35 staining of 6 hour activated human PBLs. Clones staining activated but not resting human . 
PBLs were selected Six clones, 4D9-8, 4D9-9, 24-31, 24-43, 89-76 and 89-79, were selected 

for further analysis. 

The specificity of the selected antibodies was confirmed by several assays. First, flow 
cytometric analysis demonstrated that all six mAbs stain activated, but not resting peripheral 
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blood T cells (sec Figure 3B and 3C for a representative example, depicting staining of 
activated T cells with 4D9-8 and 4D9-9, respectively). Expressian of the molecule 
recognized by each of the six antibodies is detectable within 4 hours of activation, is maximal 
between 6-8 hours after activation, and is undetectable by 24 hours alter activation. All six 
mAbs recognize a molecule expressed on activated CD3+ PBLa, predominantly of the CD4+ 
phenotype, but a portion of CD8* T cells also express the molecule. Expression of the 
molecule recognized by the six mAbs is inhibited by the presence of cyclosporin A in the 
culture medium, as is the expressian of gp39 (see Figure 4A and 4B for a leyieseutatrve 

iple, depicting staining of cydosrxnin treated T cells with 4D9-8 and 4D9-9, 
respectively). The kinetics and distribution of expression of the molecule recognized by 
these mAbs are identical to that of gp39, as detected by the fusion protein of human CD40Ig. 
In addition, all six mAbs block the staining of gp3 9 by CD40Ig (see Figure 5 A and 5B fox for 
a representative example, depicting inhibition of gp39 staining by CD40Ig in the presence of 
4D9-8 and 4D9-9, respectively). In an ELISA assay, all six mAbs recognize gp39-CD8, a 
soluble fusion form of the gp39 molecule. Moreover, all six mAbs immunopiecipitate a 
molecule of approxim ately 36 kd from 35s-mcthionine labeled activa t ed human PBLa. The 
j npmmi i jn H f ipita ted molecule is identical to that precipitated by the human CD40Ig fusion 



Hie functional activity of the six selected mAbs (4D9-8, 4D9-9, 24-32, 24-43, 89-76 
and 89-79) was assayed as follows. First, the ability of die mAbs to inhibit the proliferation 
of piTrifiw* Immgn H cells oiltared with IL-4 and soluble pp39 was measured. Purified 
hmnanB cells were cratairedwiu^ 

monoclonal airibodies or OMOIg at dosages between 0 and 12Jug^ B cell proliferation 
\vas detennined after 3 days in culture by thymidine incorporation. The results (shown in 
Figure 6^ demonstrate that aU six mAbs cm 

The mAbs 89-76 and 24-31 were most effective at inhilntmg the induced B cell 

oroli&rationw 

Ne^theabilfyofthemAbstoin^ 
proflpctfr^ mtfaced by anti-CD3 activated T cells and IL-2. was ffiHiimicri . Purified IgD+ 
Kmn An R cells w ei e prepa r ed bv positive selection with FACS and then coltnred with anpV 
CI)3 activated human Tcelb(nih^ 

ffoiciFm of purified anti-gp39 monoclonal antibodies as dosages between 0 and 10 ug/mL 
IgM^IgG and IgApnxhtction was assessed by HISA on day 6. The results (shown below in 
Table 1) demonstrate that all six antibodies can inhibit T cell dependent B cell difTetti i tlntion , 
as measured by IgM, IgG and IgA production. 
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4132 
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0.1 


3783 
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2180 
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10.0 
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89-79 


0.1 


9763 


1924" 


3021 




1.0 


2314 


460 


156 




10.0 


183 


135 


434 



5 To examine the effect of the antf^9mAhs<mTcdlitsponsca,tomAhs¥wre 

farfrpiM tn fftrt r ^lm d mmd lymphocyte reactions (MLRX 300,000 tennan peripheral blood 
lymphocytes (respondm-^^ 

blood lyng frne ytes (stimulators — S) in the pte se nc e or abs e n ce of antH£p39 mAba (1 0 
pgftnl). Cultures were prcteed with 3H-*hym^ 
10 later. ABsixaiiti-humangifl9mA^ r esponses as measured by MLR 

(seeFlgore7faaiepieseutativecganq)le > dqrf 

when Rand S are incubated in the presence of 24-31 or 89-76; a CTLA4-innnnnoglobuliii 
fusion protein and an anti-CD28 mAb were used as posfthm controls). 

To determine whdher the six mAbs recognized distinct epitopes an fa 
15 molecule, crossMocJring experiinentswereperfiraned. Actuated tammPBU were to 
blocked with each of the six mAbs (25 ug/ml of unconjugated antibody). Cells were washed 
and then stained with 10 ug/ml of biotin-conjugated antibody, followed by reaction with 
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phytoerythrin conjugated avium (PE-Av). The staining of the cells with PE-Av was analyzed 
by FACS. Tlic results are shown below in Table 1 

Xabfel. . — 

Sfamw ftntihnfr 

4D9-9 24-31 24-43 89-76 89-79 

<ii « » « ■ * * * « ■ * * ■ » » ■ » 

Til I m TTTT 1111 I I' I I 

i i t ■ lit* ii* iti 

• I I I I TTTT I I I TTT 

ND +++* ++++ +++ +++ 

+ ND +++ ++ ++ 

+ ++r ND ++ + 

+ +++ +++ ND +++ 

-H- +++• +f+ +++ ND 



The intensity of staining and the p er centa ge of positive cells arc represented by the + symbol 
(■++++ = MI >200; +++ - MI >125; +r = MI >5(^ +« MI >25;--izo staining above 
background). ND=n(rtdetennineA 

10 AD antibodies blocked thebiding of CD40Ig to activated ImmanPBLs. However, die data 
shown in Table 2 clearly demonstrate the Mure of some antibodies to block die binding of 
other antibodies to activated hnman PBLs» suggesting that they recognize distinct ep i t op es on 

+ 

the human gp39 molecules. 

The 89-76 and 24-3 1 hybndomas, producing the 89-76 and 24-3 1 antibodies, 
15 respectively, were deposited under the provisions of the Budapest Treaty with the American 
type Culture Collection^ 1994. The 89-76 

hybridan™ ™* ngagned ATCC Aiaession Number HB 1171 3 and the 24-3 1 hybridoma was 
assigned ATCC Accession Number HB1 1712. 

20 R ajici iineirt 3- Antibodies <Bt«^ flgnh?t TUP™ gp39 

In one embodiment of me invention, the gp39anta^ 
rnonoclonal antibody, MR1. He fonowmg method was used to produce the MR1 
mff P n ^ lntnnt antibody, and may be used to gmciato other antibodies directed toward gp39. 

Hamsters were 

25 weekly intervals for six weeks. When the serum ther against murine T n l was greater than 
about 1 : 1 0,000, cell fusions were performed with polyethylene glycol using immune hamster 
splenocytes andNS-1. Supernatant from wells combining growing hybridomas were 
screened by flow cytometry on restmg and activated T n l. One particular hyfcridama, which 

produced fl Mab thflt 3flffthrfr r^ngnw^ arrhmh»ri Tfr wag farther tested smA mbeloned tn 

30 derive MR1. MR1 was produced in ascites and purified by ion exchange HPLC. A 
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hyhridoma MR1 has been deposited with the American Type Cuhnre Collection and assigned 
Accession NmnbexHB 11048. 

EQUIVALENTS 
5 Those skflled in the art win recognize, or 

routine experimentation, many equivalents to the specific embodiments of the invention 

described herein. Sncheqnhralcnte are intended to b 

Tfrp etmteutH of all Trfhranrrs and published patent applications cited throughout this 
application are hereby inc orporate d by refn e nra. 
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CLAIMS 



1. A method for indorin^ 
of the tis&ie get organ coinrffifring administering to the recipient 

a) maltogencfcorxeittgcngicc^ 

antigen and which has a ligand on a cdl surface which intoacts with a receptor on a sorfecc 
of a redrneirtTceflwMch mediates c^^ 

b) an antagonist ofthe receptor on the surface of the T cell which inhibits 
tion of the ligand with the receptor. 



10 



2. The method of claim 1, wherein the receptor the smfice of Iherec^ientT 
ceil which mediates ccorractKiependent helper effector function is gp39. 



3. The method of claim 2, wherein the antagonist is an anti-gp39 antibody. 



15 



4. 



The method of claim 3, wherein the anii-gp3 9 antibody is a monoclonal 



20 an 



5. The method of claim 3, wherein the anti-gp39 

»_ 



• it 1 1 1 >. *;i 



[y is an anti-h 



gp39 



The method of claim 4, wherein the monoclonal antibody is MR1. 



7. The method of claim 4, wherein the monoclonal 
25 monoclonal antibody. 



• • • • • 



-Kit li.t < 



tyisa 



A> The method of claim 4, wherein the monoclonal 
monoclonal antibody. 



iyisai 



i 



30 9. The method of claim 1, wherein the aUogcaeicarxerogeaeiccellisa 

lymphoid cdL 



10. The method of claim 9 9 wherein the lymphoid cell is a BceiL 



35 



11. The method of claim 10, wherein die BceH is a resting BcelL 



12. The method of claim 1, wherein the allogeneic or xenogeneic ceD and the 
antagon ist are administered to die recipient prior to transplar ttadon of the tissue or organ 
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13. The method ofclaiml, wherein the tissue or organ comprises 



t rt 1 1. m i 1 1 



14. Tl* method of claim 1, wherein the tissue or organ is selected from the group 
isting of ln«, kidney, heart, tang, akin, mmde, neuronal tis^ stomach and d 
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15. A method for inducing TceDtoler^^ 
of th» t^! gmfl OT <gg«n comprising adrmnistrainfl to the redpjfart 

a) an anogendec* xenogeneic ceD^Att 
antigen; and 

b) a gp39 antagonist 



16. The method of claim 15, wherein the gp39 antagonist is an anti-gp39 
antibody. 



15 



17. The method of claim 16, wherein the anti-gp39 antibody is a monoclonal 
antibody. 

18. The method of claim 16, wherein teanti-^p39antibc^isan8nti-lnzman 
20 gp39 antibody. 



19. The method of claim 17, wherein the mcmoclonnl 



; nit ( • 



tyisMRl. 



20. The method erf claim 17, whereinthc itHmodonal antibody is a chimeric 
25 monoclonal antibody. 



21. The method of claim 17, wherein the mnnorJ 
monoclonal antibody • 



30 22. Tbc method of claim 15, wherein the gr^9 antagonist is a solubfefbm 

gp391igand. 



23. The method of daim 22, whexem the sol^^ 
fusion protein. 



•411- I 



35 



,< 1 1* t u-*i — 



24. The method of claim 15, wherem the allogeneic ox 
lymphoid celL 

25. The method of claim 24, wherein the lymphoid cell is a B cell 



ic cell is a 
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26. The method ofciaim 25, whom 



27. Tlie method ofdaim 15, wherein the alloge^^ 
tgomst are administered to 1heiedpiatt|W ofthc tissue or organ. 



28. The method of claim 15, wherein the tissue or organ comprises pancreatic 



islets. 
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29. The method of claim 15, wherein die tissue or organ is selected from the group 



consisting of liver, kidney, heart, hmg, akin, muscle, neuronal tissue, stomach and i 



30. A method for treating dinbetes 



» i » 1 1 1 • k* 1 1 1 ; '■ i ' ' » * 1 1 » 



g arimftristwing to a sobject in need 



oftres 



ilf 1 1- 1 1 
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a) an allogeneic or xenogeneic cell winch expresses at least one donor antigen; 

b) a gp39 antagonist; and 

c) donor pancreatic islet cells. 



31. Hie method of claim 30, wherein the anti-gp3 9 antibody is a monoclonal 
20 antibody. 



32. The method of claim 30, wherein die anri-gp39 antibody is an anti-human 
gp39 antibody. 



25 



33. The method of claim 31, wherein the momcJnnal antibody is MR1. 



34. The method of clami 31, wheremtten^ 
monoclonal antibody. 



30 



35. Ttw method of claim 31 1 therein tha ranmnrJnrotl antibody ia a humanized 

mmiaclonalantfe^ 



36. The method of claim 30, wherein the gp39 antagonist is a sotobfe form of a 
gp391igand. 



35 



37. The method of claim 36, wherein the soluble form of a gp39 ligand is a 
n. 
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38. The method of claim 30, wherein the allogeneic or xenogeneic cell is a 
lymphoid celL 

* * * 

39. The method of clam 38, wherri^ 

5 

40. The method of claim 39, wheremtte 

41. Themethodof claim 30, whexemtheaDogeaeicorxeiMgeBeicceDandtitt 
anfa gwiwit flrft flAtihriatged to the rec ipi en t prior to transp lHntH t io n of the pa ncrratfo islet 

10 cefla. 

42. A memod for inducing T cell tolerance to a donor tissue or organ in a recipieiit 

of the fen* OT ^Tga** *Pf"T"™C adrnfafcteriiig tn the rmjiignt 

a) a donor allogeneic cell; and 
15 b) an anti-gp39 antibody, 

wherein the donor allogeneic cell and the am>gp39 antibody are administered to the 
recipient prior to traiisplam^cmofthetisg^ or organ. 

43. The method of ciaim 42, whercmt^ 
20 antibody. 

44. The method of claim 42, wherem the ami^^ 
gp39 antibody. 

25 45. Themediodofciaim43,whorcmthemono^ 

46k. The method gf rlami 4*, ™hgn*m thg mmtnrioffttl antihndy fa a cMmerig 

monoclonal antibody. 

30 47. The method gf ri?m 4* iwrnnrinnal anrfhndy tn fl Kiiwwiniwl 

momctoal ant^^ 

48. : The method of daim 42, wherem the do^ 
35 49. The method of claim 48, wherein the lymphoid cell is aB cdL 

50. The method of claim 49, wheremthcB (^isarcstmgB ccIL 
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